Background. There are limited South African data on the outcomes of patients with severe malaria treated with quinine compared with those treated with artesunate in the intensive care unit (ICU). Objectives. To compare the outcomes of adult patients treated with artesunate against those treated with quinine in the ICU. Primary outcome variables are length of stay (LOS) in the ICU and mortality. Secondary outcomes include the incidence of hypoglycaemic episodes and neurological outcomes. Methods. This was a retrospective cohort study of patients with severe malaria treated at a multidisciplinary ICU with artesunate or quinine from 1 January 2008 to 31 December 2012. Results. Of the 92 patients included in the study, 63 (69.2%) were male. The mean age in the quinine and artesunate groups was 36.2 years and 40.5 years, respectively (p=0.071). Most (98.6%) of the patients with a positive travel history had visited a malaria-endemic region. Of the 53 patients tested for HIV infection, 71.7% tested positive (p=0.520). The average CD4+ cell count of HIV-positive patients treated with quinine was 200 cells/µL compared with 217.17 cells/µL for those treated with artesunate (p=0.875). The mean APACHE II score at admission was 20.85 and 19.62 in the quinine group and artesunate group, respectively (p=0.380). The median LOS was 5 days (range 1 -27). Mortality was 15.4% in the quinine group and 7.7% in the artesunate group (p=0.246). Conclusion. A statistically insignificant mortality difference was observed in outcomes of the two treatment groups in this retrospective, singlecentre cohort study.
Malaria is a preventable and treatable disease that is a major burden worldwide and especially in the African subregion. [1] In 2012, about 207 million cases were reported worldwide, of which the majority were in the sub-Saharan region. [1] Malaria is more prevalent in the tropics and, despite preventive measures, it remains a major reason for hospital admission in sub-Saharan countries. [2] South African (SA) malaria transmission is seasonal and regional between October and May. [3, 4] In settings outside the intensive care unit (ICU), studies have shown a mortality benefit of artesunate over quinine. [2, 5] The South East Asian Quinine Artesunate Malaria Trial (SEAQUAMAT) was an open-label, randomised trial of 1 461 patients with severe malaria. [5] The mortality in the artesunate group was 15% compared with 22% in the quinine group (p=0.000).
The African Quinine Artesunate Malaria Treatment (AQUAMAT) trial was performed in a paediatric population. It was the second biggest trial of the use of artesunate v. quinine in the treatment of severe Plasmodium falciparum malaria and was an open-label, randomised trial conducted in malaria-endemic regions in nine African countries. In-hospital mortality, the primary outcome, was 8.5% in the artesunate group compared with 10.9% in the quinine group (p=0.002). [2] The overall reduction in mortality in the AQUAMAT study was 22.5% (p=0.002). [2] The results of these two trials prompted the World Health ARTICLE Organization (WHO) to change its guidelines and to advocate the use of artesunate in patients with severe malaria. [2] Challenges relating to the availability of artesunate were initially a considerable barrier to its use in our hospital. Prior to its registration in SA in 2017, [6] artesunate was available only on a named-patient basis via the Medicines Control Council of South Africa through the Parenteral Artesunate Access Programme, which was approved for patients with severe malaria and older than 12 years in 2009. [7] There is a paucity of SA data regarding the outcomes of patients with severe malaria treated with quinine compared with those treated with artesunate in the ICU setting. SA is noted as a low-transmission area, although malaria is endemic in three provinces (Mpumalanga, KwaZulu-Natal and Limpopo). [3, 4] Gauteng, the region in which our study is set, is a non-endemic area. Furthermore, the two large aforementioned trials (AQUAMAT and SEAQUAMAT) did not include patients managed in the ICU, where close monitoring and one-to-one nursing is standard. [2, 5] Close monitoring in an ICU setting allows early detection and management of potential complications of the disease or therapy. To date, only two relevant studies have been conducted in SA, and both focused only on prognostic indicators in a non-endemic area. [8, 9] The aim of the present retrospective review was to compare, over a 5-year period, outcomes of patients treated with artesunate with those treated with quinine at a multidisciplinary adult ICU of a large academic hospital. The research objectives were to assess and compare the severity of illness of patients in the two groups, as measured by APACHE II scores, and to compare admission parasite counts and laboratory data such as creatinine, lactate, bicarbonate and haemoglobin levels of patients on the respective therapies. In addition, ICU organ support interventions, ventilation, dialysis and inotropic support were compared for patients on quinine therapy and those treated with artesunate.
The primary outcomes were the length of ICU stay and mortality. Secondary outcomes included a change in neurological status and the incidence of hypoglycaemic episodes (defined as a glucose level <2.2 mmol/L) 
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Methods
The study was conducted at a multidisciplinary adult ICU of a large academic hospital situated in an area of low malaria transmission. Both surgical and medical patients are admitted to the unit and referrals come mainly from the local community and peripheral hospitals in the surrounding towns and provinces. Ethical approval was obtained from the Human Research Ethics Committee (Medical) of the University of the Witwatersrand prior to commencement of the study (ref no. M150120).
Study population and data collection
This was a retrospective cohort study of adult patients with severe malaria treated with artesunate or quinine in the ICU. The study sample included all adult patients (≥18 years) who were admitted to the ICU with a diagnosis of severe malaria between 1 January 2008 and 31 December 2012 and whose files could be found in our records. The diagnosis of severe malaria was based on WHO guidelines. There were no exclusion criteria. Drug selection was influenced by availability. Quinine had been the therapeutic option of choice for the management of malaria in our unit prior to December 2009. Artesunate subsequently became available in our unit on a named-patient basis following the approval of the Parenteral Artesunate Access Programme earlier in 2009. Quinine was used only if artesunate was not available (out of stock). Details of all identified patients were obtained from ICU records and entered into a password-protected spreadsheet. Fig. 1 further illustrates the sampling process.
Statistical analysis
Data were captured in a spreadsheet and then exported to SPSS (version 22) for statistical analysis. The analysis was based on the valid cases in the data file and excluded missing values.
Descriptive statistics such as frequency distributions were used to summarise categorical variables (e.g. drug type), whereas means and standard deviations were calculated to summarise numerical variables. A chi-squared test of association was used to assess whether there was an association between two categorical variables (e.g. drug type and comorbidities). A p-value <0.05 indicated a statistically significant association. An independent-samples t-test was used to compare the mean values of numerical variables between two groups. A significance level of p<0.05 was used. 
Table 3. Association between administered drug and therapeutic intervention, and differences between treatment groups
Intervention variable
All (N=92), n (%) Quinine (N=40), n (%) Artesunate (N=52), n (%) t-
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Results
Demographics
The sample consisted of 92 patients, of whom 63 (69.2%) were male ( 
Physiological parameters
Physiological parameters recorded during patient admission are shown in 
Therapeutic interventions
Patients treated with quinine required inotropic support for an average of 4.62 days compared with 3.50 days for those treated with artesunate (p=0.423) (Table 3 ). There was no statistical difference with regard to the duration of renal replacement therapy between patients treated with quinine or artesunate (6.05 days v. 6.60 days; p=0.730) or with regard to mechanical ventilation between the two treatment groups (5.50 days v. 6.00 days; p=0.812).
Outcomes
The primary outcomes measured in this study were length of ICU stay and mortality (Table 4A ). The median length of ICU stay was 5 days (range 1 -27) across the total sample. There was no statistically significant difference with regard to length of stay (p=0.738) or mortality (p=0.246) between the two treatment groups. Of the patients admitted for fewer than 5 days, 18 (45.0%) were treated with quinine, whereas 24 (46.2%) were treated with artesunate. Of the patients admitted for more than 5 days, 17 (42.5%) and 24 (46.2%) were treated with quinine and artesunate, respectively.
There was no significant association between mortality and the treatment drug (p=0.246). In total, 10 patients died in the ICU (11.0%); a total of 89% of patients survived. Of the patients who were treated with quinine, 33 (84.6%) were discharged alive. A similarly large percentage of patients were discharged alive from the artesunate treatment group (n/N=48/52; 92.3%). Secondary outcomes are described in Table 4B . In patients treated with quinine, the mean Glasgow coma score at discharge was 14.91 compared with 14.16 for patients treated with artesunate (p=0.081). Seizures were the most commonly recorded neurological complication (n/N=11/22). Only one hypoglycaemic event was recorded (from the quinine treatment group).
Discussion
Malaria is a major cause of death in sub-Saharan Africa. SA, and specifically the Gauteng province, is considered a non-endemic region. [4] However, an increasing number of cases of severe malaria are seen, mostly among visitors from endemic areas entering the country. [4] Of the 92 patients admitted to our ICU, just over two-thirds were male, which may reflect the gender differences in travel-associated disease described previously. [10] Johannesburg has a large male migrant population, which may explain the higher prevalence of the disease in men. This is in contrast to other African regions were women and children are more likely to be affected than men. [11] In addition, during the study period, SA had the highest HIV infection rate of any country in Africa, [3] increasing patients' susceptibility to developing severe malaria as a result of immunosuppression. A higher HIV prevalence increases mortality from malaria. More than half of the patients tested for HIV infection in our study were positive ( Table 1) . As HIV and malaria infection follow the same geographical distribution, HIV-associated immunosuppression has been postulated to increase the risk of contracting malaria and reducing the efficacy of antimalarial therapy. [12] In the AQUAMAT trial, high mortality was observed in the 6% of the population co-infected with HIV. The full extent of the pharmacokinetic interactions between antimalarial drugs and antiretrovirals used in the management of HIV is not well understood owing to limited published data. Difficulty in distinguishing between adverse reactions due to antimalarial therapy, antiretroviral therapy or severe malaria infection itself may pose additional diagnostic challenges. The increased incidence of severe malaria in HIV-infected patients is likely to add to the overall burden of disease, increasing morbidity and mortality in sub-Saharan African populations. [13] The cost of parenteral artesunate is currently higher than that of quinine; however, when considering the associated reduction in mortality and shorter duration of treatment, artesunate becomes a cost-effective option. [14] Access to artesunate has only recently become available (2017) in SA. [6] Prior to this, artesunate was available to patients 12 years and older with severe malaria only on a named-patient basis via the Medicines Control Council of South Africa through the Parenteral Artesunate Access Programme. [7] Several large studies have shown that artesunate is superior to quinine in the treatment of severe malaria. [2] None of the studies comparing the two drugs was performed in a non-endemic ICU setting. Although SA is a non-endemic region and has a low transmission rate, the case fatality rate (0.76%) has remained unchanged in over a decade, which is 0.26% higher than the WHO target of 0.5%. [14] Reduced sensitivity to quinine is more common in Asia than in Africa. [15] The emergence of artesunate resistance in South-East Asia has now also been reported in a number of studies and is characterised by decreased parasite clearance times. [16, 17] The pfkelch13 mutation is commonly associated with artemisinin resistance seen in P. falciparum malaria in Asia, but some additional mutations seem to be emerging also from Africa, as recently demonstrated. [18] [19] [20] Although resistance was not a focus of our study, the comments highlight the importance of continued access to artesunate as therapeutic option.
The mortality benefit seen with artesunate was greater in South-East Asian populations than in Africa. [2, 5] This may be due to less quinine resistance in P. falciparum malaria in Africa. [2] Our study showed no statistically significant difference in mortality between patients treated with artesunate or quinine (p=0.246). Mortality among patients treated with quinine in our study (15.4%) was considerably lower than that seen in a previous study in our unit (28.5%). Reasons for this result are unclear, but increased awareness and thus earlier presentation may have been a contributing factor. In addition, although a high prevalence of HIV infection may have been expected to increase rather than reduce ARTICLE mortality associated with severe malaria, the use of antiretroviral therapy might reduce the morbidity of severe malaria in HIV-infected individuals. [21] The current standard of care for the treatment of malaria is similar in HIV-positive and HIV-negative patients. Further research is needed to clarify the clinical implications of the concurrent use of antiretroviral and antimalarial therapy.
Other advantages of artesunate over quinine include ease of administration and a minimal side-effect profile. The main adverse effects reported since the initiation of the artesunate programme relate to renal failure and haemolysis. [14] Quinine treatment is associated with a number of side-effects and requires dose adjustment in patients with renal impairment, a condition frequently encountered in patients with severe malaria. [14] The ICU environment allows closer observation, earlier detection and detailed management of associated complications such as hypoglycaemia. Although the broader stage-specificity of artesuante over quinine is acknowledged, severe disease as would require ICU admission may negate the advantage when significant organ dysfunction has already set in. Artesunate may confer a mortality benefit in early disease and in patients who do not require interventions for organ support.
There was no difference in the length of stay between the different treatment modalities in our study. This is consistent with the results of the AQUAMAT trial, where the time to discharge was 3 days in both the artesunate and the quinine group (p=0. 059 ).
An open-label prospective randomised trial in a tertiary centre in India to compare the efficacy of quinine and artesunate in severe P. falciparum malaria is comparable to ours. [22] Thirty-five patients who met WHO criteria for severe malaria were included. Of these, 18 received quinine and 17 received artesunate. The endpoints were parasite clearance time, fever clearance time, coma resolution time, adverse effects of the drugs and death. All patients were admitted to general wards, except four patients with acute respiratory distress syndrome, who were treated in the ICU. One patient died in each arm. Patients treated with artesunate experienced faster fever resolution and parasite clearance, whereas coma resolution was faster in the quinine group. As with our study, no mortality benefit was seen for artesunate over quinine. [22] We did not find any statistically significant differences with regard to neurological outcomes between the two treatment groups, similar to reports also from other investigators. [23] The finding is consistent with those from the AQUAMAT trial, where neurological sequelae were not found to be significantly different between patients treated with artesunate v. quinine, although the development of convulsions and coma and deterioration in the Glasgow coma score seemed to be slightly higher in the quinine group. [2] Further investigation to evaluate this observation is warranted.
Hypoglycaemia is a notable and treatable cause of death in cases of severe malaria and is of multifactorial origin. [24] In a recent Cochrane review [50] that compared the use of artesunate and quinine in the treatment of severe malaria, treatment with artesunate was found to be associated with a significant reduction in mortality and hypoglycaemia and improved parasite clearance in patients with severe malaria, and fewer hypoglycaemic episodes were seen for artesunate compared with quinine. Only one hypoglycaemic event was recorded in our study (from the quinine group). Such episodes are more likely to be missed in a general-ward environment.
Study limitations
The small sample size from a single centre may not be representative of the national population of critically ill malaria patients. The retrospective study design also presents a limitation.
Owing to limited resources and beds in our unit, it is possible that some patients with severe malaria, who may have required ICU admission, were treated in general medical wards and thus would not have been included in the study.
Despite these limitations, our findings expand on the current understanding of the treatment of severe malaria in highly monitored environments in non-endemic regions.
Conclusion
In this retrospective, single-centre cohort study, we observed a statistically insignificant mortality difference in outcomes of patients who received artesunate compared with those who received quinine.
